Inadequate handling, processing and sales of meat products have resulted in microbial contamination responsible for most infectious human food-borne illness. The study conducted a stochastic assessment of the risk of infection linked to the consumption of braised beef meat "Choukouya" contaminated by Clostridium perfringens in Côte d'Ivoire. We conducted "Choukouya" consumers (n = 900) and vendors (n = 300) survey to characterize the actors behavior. 189 samples of "Choukouya" were collected and microbiologically analyzed according to French standard protocols NF V 08-061 and XPV 08-061. A risk model was developed and the risk of infection linked to the consumption of "Choukouya" was estimated by Monte Carlo simulation procedure. The consumer's surveys showed that the percentage of population consuming "Choukouya" was 74.4%, with an average consumption of 114.3 ± 0.5 g/person/intake. The microbiological analysis revealed the isolation of 70% of Clostridium perfringens in the vegetative form and 60.3% in sporulated form with an average loading of 3.7 ± 2.6 log 10 •cfu/g and 1.1 ± 1.0 log 10 •cfu/g respectively. The probability of ingesting a dose greater than 10 9 bacteria of Clostridium prefringens varied between 7.36% and 7.93%. The braised beef meat "Choukouya" sold in the streets of cities in Côte d'Ivoire represents a real risk of infection, and Clostridium perfringens is one of the causes. This risk could be mitigated by the establishment of good hygiene practices and adequate handling processes in this informal sector.
Introduction
Bovine meat is of nutritional value, given the good bioavailability of zinc, iron, essential amino acids and vitamin B 12 [1] Its composition in these nutrients, especially in essential amino acids, gives bovine meat an important place in the nutritional balance of the human being [2] . It is eaten in several forms, the dried form (Kilishi), is much more commonly found in Mali, grilled, cooked with water and braised, or the barbecue type named "Dibi" in Senegal, "Tchatchanga" in Benin and "Choukouya" of meat in Côte d'Ivoire [3] [4] . The barbecue type or braised meat "Choukouya", is a dish made of different meats cooked outdoors by using live coals or woods. It is consumed by many populations in the world and is an important part of the diet of many developing countries [5] . In Côte d'Ivoire, this met called "Choukouya" is usually consumed by a large number of people during ceremonies such as weddings, baptisms and birthdays. It is much more popular during outings and night activities because of being part of foods sold on public roads also named "street food". The large proportion of this informal activity and the surveyed data on food-borne diseases associated with it, remains a threat and a major public health problem [6] [7] .
Meat, in spite of its nutritional properties, is often prepared under hygienic conditions that are beyond official control, which is a source of microbiological contamination [8] . Poor selling conditions, involving frequent pre-and postcooking operations, and inadequate cooking, contribute to the risk of contamination by pathogenic germs.
According to the National Food Safety, Environment and Labor Agency, the main microorganisms responsible for food-borne illnesses are Staphylococcus aureus, Salmonella, Campylobacter, Yersinia enterocolitica, Clostridium perfringens and Bacillus cereus [9] . In Côte d'Ivoire, Salmonella, Clostridium, Staphylococcus and Escherichia coli are germs found in foods [10] [11] . Thus, in the case of a protein-rich foods, Clostridium perfringens is the major bacteria that should be to be taken into account [12] [13] . Other authors [14] classified this species as the second most common causes of food poisoning in England [15] . Quantitative microbiological risk assessment related to various widely consumed food products has been carried out and published in different countries [16] . It was found that in Africa, and particularly in Côte d'Ivoire, very little interest is given to this sector given the tiny number of biological or chemical risk assessment studies carried out [8] .
Braised beef meat "Choukouya" sold on the streets could be contaminated by some sporogenic germs due to its exposure to the open air on public road. This 1139 Food and Nutrition Sciences source of microbial contamination poses a risk to the health of the consumers [17] . It is therefore necessary to know the level of risk associated with infection linked to the presence of Clostridium perfringens in "Choukouya" at the level of the exposed population. This study was initiated to assess the infection risk associated with the consumption of braised "Choukouya" contaminated with Clostridium perfringens. This assessment consists of obtaining a numerical value of the risk of the population facing the hazard [18] .
Material and Methods

Study Area
This study was conducted from July 2013 to June 2015, in six major cities of The sites were selected purposively, based on the importance of markets for provisioning of foodstuff to the populations and the helpfulness of actors (Vendors, consumers) of the bovine sector to participate in the study.
Questionnaire Survey
The questionnaire survey was conducted among consumers and vendors of "Choukouya" in the six (06) selected cities for the study. The questions included the quantity consumed, the frequency of consumption of braised beef "Choukouya" and the sales practices and conditions used. The interest of the survey was to gather informations to assess the impact of consumption of braised beef "Choukouya" on consumer health. In total, 1200 people comprising nine hundred (900) consumers and three hundred (300) vendors were interviewed.
Sampling of Braised Beef Meat "Choukouya"
Braised beef meat "Choukouya" samples were collected from 27 vendors of "Choukouya" on all sites. Three campaigns were carried out per site and a total of one hundred eighty-nine (189) samples were collected from the whole sites.
For each campaign nine (9) samples of approximately 100 g per sample of braised beef meat were purchased from each vendor of "Choukouya". It should be underline that each sample bought and labeled (site, date and time of collection) is placed in a sterile bag "Stomacher". The ideal conditions to ensure the preservation of samples were a quick transport into a cooler containing cold packs, so as keeping the temperature under 5˚C. The maximum storage period of samples from point of sale to the laboratory where they undergo microbiological analyzes was 16 hours.
Laboratory Procedures
Once at the laboratory, 10 g of each sample were homogenized in 90 mL of sterile bacteriological peptone (Oxoid, Hampshire, Eng-land). Decimal dilutions (1:10) of all samples were made in buffered peptone water (BioRad) was carried [22] . The unacceptable microbiological limits for which the ready to eat Braised beef meat "Choukouya" samples were considered potentially hazardous in this study was based on standards for ready to-eat foods by [23] .
Quantitative Risk Assessment for Clostridium
Sulfite-Reducing Pathogenic Species
The use of reference pathogens is an accepted practice in the field of Quantitative Microbial Risk Assessment [24] [25] to represent the potential adverse health effects of each broader microbial group. Risk assessment of infection linked to the consumption of braised beef meat "Choukouya" was carried out according to the Codex Alimentarius approach [26] . It is a scientific approach carried out in four steps: hazard identification, hazard characterization, exposure assessment and risk characterization.
Hazard Identification (Pathogen)
Beef meat "Choukouya" ranked in category of foods sold on public roads has been associated with many serious diseases [6] [17] . Beef meat, can be contaminate by bacteria representative a risk to human health [11] [27] [28] . In this study, Clostridium perfringens was selected according to its probable presence in the contamination of the beef meat [12] . This product is characterized by a relatively high protein content ranging from 20 to 22 g, allowing rapid growth of the germ. Clostridium perfringens is slightly acidic and kept at temperatures between 15˚C and 50˚C. Its optimum pH is between 6.0 -7.0, but certain strains continue to grow at pH ranged from 5.0 to 8.3 [12] . It can end up in beef dishes due to unsanitary environment, unsanitary conditions of preparation and type of packaging used [29] . These bacteria are identified as dangerous because they cause food-borne infections in the world, particularly in Côte d'Ivoire [30] [31] . Main symptoms of the disease are fever, vomiting, diarrhea but mortalities were identified in the elderly and young children [32] . In our study, risk describes the probability an infection after consumption of contaminated beef meat "Choukouya". 
Exposure Assessment
A stochastic methodology was used to estimate infection from pathogenic microorganisms through ingestion of product [35] . Individuals are assumed to ingest amount of product meat beef "Choukouya".
Representative diagram of the evaluation model
The step of exposure assessment is the quantitative or qualitative estimation of the likely ingestion of biological or chemical hazards through food [26] . The exposure estimation is based on consumption scenarios of contaminated food ( Figure 1 ). The realization of these scenarios takes into account various identified parameters identified to the risk to be evaluated. After cooking, which is usually done at high temperatures between 100˚C and 120˚C, "Choukouya" is exposed ambient temperature (27˚C to 32˚C). In Most of cases, it is consumed immediately after cooking or after exposure time in contact with the environment which could lead to cross contamination and recontamination. All these reasons allow to suppose that the contamination of the "Choukouya" occurs at the time of its sale [36] . The exposure assessment consists of estimating the level of danger to which the consumer is exposed at the time of consumption of the food. Thus, the concentration (C) of Clostridium perfringens in the "Choukouya" could be supposed to be equal to its initial concentration (C i ) at the time of its sale. Into these conditions, the exposure assessment was to estimate the dose (I) of the bacteria in its vegetative and sporulated form ingested by the consumer at each "Choukouya" intake.
Mathematical model of ingested dose
Stochastic modeling requiring probability distributions was used for the exposure assessment. Thus, a diagram showing all the events that can lead to infection in the consumer has been established. In our study, exposure or Ingested dose (D i ) of Clostridium perfringens in "Choukouya" was estimated using The use of this equation requires data on the concentration of Clostridium perfringens (expressed in cfu/g) in the braised beef meat "Choukouya" sold in the popular streets of the selected cities for the study and survey data consumption of a consumer population. The data collected on these two parameters each gave a distribution reflecting their uncertainties. The uncertainty on the parameters of the model was quantified by the bootstrap method [37] . Parameter values were estimated on the basis of laboratory and survey results. The distribution of the ingestion of the pathogen by the consumers is obtained after the calculations. Monte Carlo simulation was performed for 1500 iterations using the MATLAB R 2015a software. Following the simulations, cumulative probabilities of realizations or probabilities are obtained.
Risk Characterization
The characterization incorporates the results of hazard identification, hazard characterization and exposure assessment. Based on this results, the risk characterization has to quantitatively estimate the severity (i.e. probability) of adverse is reported for the estimation of the probability or the risk of developing one infection per 100,000 inhabitants exposed [38] .
Statistical Data Analysis
The sociological survey data were entered on Excel and analyzed with the Statistica software 7.1. Data collected for the microbiological quality of braised beef meat "Choukouya" were analyzed using analysis of variance (ANOVA) with two factors (sampling site and campaign). The difference in Factor is statistically significant at 5% level (two-tailed test) if the probability (or p-value) is less than 0.05. The comparison of means was done using LSD's post hoc test, to determine the source of the significant variations. Concerning the risk assessment, the infection risk associated with the consumption of braised beef contaminated with
Clostridium perfringens was carried out by the stochastic method. The Bootstrap method was used to resample the input data of the exposure assessment model (i.e. the data of the concentration of Clostridium perfringens (C i ) in braised beef meat "Choukouya" and the data of consumption from the survey of household). Then the Monte Carlo simulations were performed to obtain the distribution of the exposure assessment model which is also the ingested dose of Clostridium perfringens. Fifteen hundred iterations were performed for each simulation creating two thousand cumulative frequency distribution curves for the ingested dose [39] . Bootstrap and Monte Carlo type simulations were performed by the software MATLAB R 2015a.
Results
Risk Factors for Contamination of Braised Beef Meat "Choukouya"
The braised beef meat "Choukouya" consumed on the different sites are subject to packaging. The survey identified the types of conditioning and devices used. Thus, braised beef meat "Choukouya" is predominantly store in cement packaging (49.3%) against 19.6% for aluminum foil (Table 1) . At the point of sale, some customers consume this dish on the spot are often served either in plastic plates (31.3%) exposed to the open air. On the other hand, it was observed that the different points of sale were located in poorly maintained environments with the majority of the product exposed to the open air (82.5%). Other points of sale are protected in showcases (17.4%). Vendors wearing blouses accounted only for 23.3%.
Average Load of Clostridium perfringens of Braised Beef Meat "Choukouya" at Sites
The results of the microbiological analysis closed to Clostridium perfringens are shown in Figure 2 . There has been a variability of Clostridium perfringens Food and Nutrition Sciences Table 2 shows the probability (p-value) associated to the average loads of bacteria for each considered parameter. At the sampling sites, for braised beef meat, the p-value is less than 0.05. It was therefore deduced that there was a significant difference between average microbial loads of Clostridium perfringens from one sampling site to another. No significant differences in mean of Clostridium perfringens loads were observed between campaigns. Similarly, at the level of interactions, the analysis of p-value shows that there is no interaction effect between the sampling site and the campaigns for the enumeration of Clostridium perfringens.
Beef Meat Consumption Patterns
The survey revealed an average amount of 114.3 g of beef consumed per person per intake. Regarding beef meat consumption patterns, the most appreciate one is its braised form "Choukouya" (74.3%) against 25.6% for the cooked form in sauce. Among consumers of braised beef meat, 12.8% consume it more than three times a week. The highest proportion of consumers (47.5%) was the young people (20 -30 years). However, braised beef meat "Choukouya" is consumed by all age classes Table 3 .
Risk of Infection LInked to the Consumption of Braised Beef Meat "Choukouya" Sold on Public Roads According to the Stochastic Method
Proportion of Clostridium perfringens
Clostridium perfringens was isolated in braised beef meat. The samples contained vegetative forms and sporulated forms in proportions of 70% and 60.3%, respectively with average loads of 3.7 ± 2.6 log 10 •cfu/g for vegetative forms and 1.1 ± 1.0 log 10 •cfu/g for the sporulated form (Table 4) . These loads of contamination are superior to 10 5 cfu/g, the critical threshold for ready-to-eat foods.
Clostridium perfringens Concentration
The results of the distribution of the different concentration levels of Clostridium perfringens in the braised beef samples are shown in Figure 3 . The levels of concentration varied from 10 2 cfu/g to 10 8 cfu/g. The analysis of Figure 2 shows that 69.84% of the 189 samples have levels of contamination higher than 10 5 cfu/g, which is the maximum concentration in ready-to-eat foods. Thus, about 70 portions contain doses of Clostridium perfringens which, after ingestion, can lead to a multiplication and thus enterotoxin production. Therefore, for 100 servings of "Choukouya" consumed, 70 servings may present a risk of food poisoning from Clostridium perfringens to human health (Figure 3 ).
Consumption of Serving of Braised Beef Meat "Choukouya"
Nine hundred (900) individuals were interviewed during the consumer survey.
The results of the evolution of the distribution of the consumption of "Choukouya" by the population of the different sites were treated and then expressed in frequency (%) for the different classes of serving during consumption per intake ( Figure 4) . The minimum serving size ranges from 50 to 100 g. The maximum serving weight ranges from 1000 g to 1050 g. Thus, the size of the most consumed portion which is the mode is between 100 and 150 grams per person per intake and corresponding to a frequency of 20.8%.
Exposure Assessment
The result of the Monte Carlo simulation obtained the distribution of the expo- carried out, ie one thousand five hundred (1500) curves of ingestion doses ( Figure 5 ). This figure gives the probability Y, in an uncertainty range, with an ingested dose of Clostridium perfringens (expressed in cfu/g) below a limit value X. The infectious dose of Clostridium perfringens which can cause food poisoning by ingesting an amount of braised beef meat "Choukouya" is estimated to be more than 10 8 cfu/g or 10 9 cfu/g. Assuming 10 9 bacteria as infectious dose, the probability of developing food poisoning due to Clostridium perfringens by a consumption of serving of braised beef meat "Choukouya" sold in streets of cities in Côte d'Ivoire is at minimum 7.36% and maximum 7.93%.
Risk Characterization of Clostridium perfringens
The critical threshold for infection is more than 10 8 bacteria/g. The risk of developing food poisoning due to Clostridium perfringens by a consumption of serving of braised beef meat "Choukouya" being at minimum 7.36% and Figure 5 . Cumulative probability of ingested doses of Clostridium perfringens. maximum 7.93% allows us to deduce 7360 and 7930 cases of food-borne infection due to Clostridium perfringens for 100,000 inhabitants consuming contaminated braised beef meat "Choukouya". This risk estimate represents the quantitative estimate of the probability and severity of adverse effects sequel the consumption of braised beef meat "Choukouya".
Discussion
The evaluation of the risks associated with the consumption of braised beef meat "Choukouya" sold in the streets of the cities of Côte d'Ivoire was carried out through analysis of the contamination of beef braised by Clostridium perfringens and consumer behavior of food. Various factors involve in the contamination of the "Choukouya". Packagings, unhygienic utensils, point-of-sale devices, wearing blouses. The majority of sellers of "Choukouya" (49.3%) used inadequate packaging such as cement packaging. The latter constitutes a risk of multiplication of germs. The latter constitutes a risk of multiplication of germs including some pathogen such as Clostridium perfringens before and after cooking. Concerning the wearing of the blouse by the vendors, only 23.3% of the vendors of "Choukouya" respected this rule. All these actions result in intensive and direct contact with the product. Thus, the possibilities for cross contamination between packaging, utensils, vendor hands and product is unavoidable [40] . The practices of vendors at the point of sale are at the origin of the contamination, the growth and the bacterial alteration of the product [41] Indeed, braised beef insufficiently cooked or badly reheated favors the development of spores of Clostridium perfringens [44] . Also, the dust generated by the circulation could constitute a major vector of contamination by Clostridium perfringens [45] , because it possesses telluric species that can contaminate food [46] . The survey revealed 74.3% of people who preferred to eat beef meat in the braised "Choukouya" form. In this form, beef meat is consumed three to four times a week by 12.8% of people but much more by young people 47.5% followed by 43% of adults. Indeed, this dish is highly appreciated by the Ivorian population with an average consumption of 114.3 ± 0.5 g per person per intake. This strong appreciation is due to the many entertainment activities, the presence of refreshments and other relaxation sites observed in the main cities of the country. These activities are supported by the strong demographic growth observed in these cities [47] . In view of the above consideration, a quantitative microbiological risk assessment was carried out in accordance with the approach of the Codex Alimentarius method [48] . Thus, Clostridium perfringens was chosen as a danger because of its sporulation ability and virulence. The quantitative risk assessment carried out in this study was based on a probabilistic approach for assessing exposure which was also the ingested dose for Clostridium perfringens in braised beef meat "Choukouya" consumption. This probabilistic method requires probability distributions to represent the variability or uncertainty of the parameters and leads to a probability distribution of risk and refines the interpretation of the results of the model [18] [49]. Thus, using Monte-Carlo simulations, it is possible to perform variable probability distributions when the model of each variable is determined [33] [50] . The model of the evaluation, was defined based on actual data collected on 2 parameters: the distribution of the concentration of Clostridium perfringens (C i ) and the distribution of the serving sizes (Q C ) of braised beef meat "Choukouya" consumed at each meal per day per individual. This method has been described by [36] in his study on the risk assessment of attiéké consumption. Then the concentration levels of Clostridium perfringens range from 10 2 cfu/g to 10 8 cfu/g with 69.84% servings of braised beef meat "Choukouya" higher than 10 5 cfu/g which is the maximum concentration of Clostridium perfringens in ready-to-eat foods. At this level of contamination, there is a possibility of multiplication of the contaminant with the production of enterotoxin [31] by the spores in the small intestine of the consumer. The consumer could therefore be exposed to a food-borne infection [51] . For 10 fringens for consumption of portions of braised beef meat "Choukouya" per intake is obtained. Thus, after the Monte Carlo simulations, the results of the assessment of the infection risk associated with the consumption of "Choukouya" contaminated by Clostridium perfringens revealed that the risk varies between 7.36% and 7.93%, i.e., 7360 and 7930 cases of Clostridium perfringens disease per 100,000 inhabitants. These results are high than those obtained by [36] in attièke sold on the open market. This risk appears relatively real and high compared to the risk assessment for certain germs found in other food matrices in developed countries. In their study on the assessment of the risk of Clostridium perfringens in hospital catering [52] , by applying the microbial models, the simulations allowed to predict a low intake of Clostridium perfringens by the patients, which translates into a very weak risk. In Denmark, in 2001, at a concentration of Campylobacter jejuni between 0.5 and 1.5 log•cfu/g in a chicken meal, the individual risk was estimated to be 7.0 × 10 −5 for the general population [53] .
This high probability of developing a disease can be explained by the high proportion of samples exceeding the acceptable limits set by quality standards. Thus, the high bacterial loads of the "Choukouya" observed at the point of sale, the quantity of "Choukouya" consumed and the frequency of consumption are potential risk factors [54] . This risk can increase with the possibility of cross-contamination caused by the poor quality of packaging and utensils used for consumption in addition to its exposure to the open air. As a result, it has been noticed that in several outlets, the recurrent use of plastic utensils to rough surfaces and uncleaned with the presence of dust. In this case, a nest of microorganisms in general and Clostridium perfringens in particular, capable of forming biofilms on inert surfaces [55] . The association between braised beef "Choukouya" considered as food sold on public streets "street food" and food infections have been reported by several authors [6] [59] . Bacterial infections are frequently met in developing countries [31] . In Côte d'Ivoire, it was observed that consumers do not make a link between the food consumed and their pain felt. However, according to [50] diarrheal syndrome-related disorders lead to food-borne illness, which is similar to food infection caused by Clostridium perfringens. Therefore, the consumption of "Choukouya" under the conditions presented in our study could lead to consequences on the health of consumers. Informal sector actors need to be aware of the threat represented by the poor processing of meat dishes and good hygiene practices that are not respected at the point of sale. For this reason, the inspection of the public health authorities must be carried out in order to improve the conditions of sale and the quality of the products of this sector.
Conclusion
The study made it possible to highlight the poor hygienic quality of braised beef and 7930 cases of disease per 100,000 inhabitants consuming the "Choukouya".
These results should draw the attention of the authorities to an awareness of good hygiene and product manufacturing practices.
